km as frequency varies from 85 to 19 GHZ. Section 2 presents the data. Section 3 is devoted to a comparative analysis of the normalized radar cross sections (NRCS) for the high-resolution and low-resolution modes of the scatterometer. It shows that measurements at high resolution lead to a better evaluation of the radar measurements in cases of high wind gradients. Improved estimates of maximum wind radii and storm-surge forecasting may then be expected for operational purposes. Section 4 is dedicated to the investigation of the backscattering signal for high wind and sea state conditions as measured by the different microwave instruments. Section 5 describes the wind patterns and their evolution for TC Elsie, a western Pacific typhoon that was well sampled by the ERS-1 scatterometer.
Data
The ERS scatterometers use three antennae pointing in azimuts of 45 ø, 90 ø and 135 ø with respect to the satellite ground track. It obtains thus for each node three independent measurements of the NRCS. Each antenna illuminates a 500-km-wide swath, covering a range of incidence angles from 18 ø to 60 ø. The Kp is the classical parameter used to characterize the noise. It is defined as the standard deviation of the raw NRCS measurements used to evaluate the mean NRCS value characterizing the target over a given area [Fischer, 1972] . The theoretical developments presented by Fisher [1972] lead to the following formulation for Kp: gp SNR 2 (1) where N is the number of independent measurements used to estimate the NRCS (about 300 for the HR and 1200 for the LR), SNR is the signal to noise ratio, Ts• • is the signal integration time and T N is the noise integration time.
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As this computation makes some assumption about the target characteristics, one being its stationarity, we also use another parameter to characterize the noise, STD, defined where N is the number of independent measurements (c•0i) used to estimate the mean NRCS (c• 0 ).
The NRCS produced by the CNES were calibrated and validated against those delivered by ESA, showing the consistency of the two NRCS sources [Malardd, 1992] .
To compute the wind vector, NRCS data were processed using the C band model described below (referenced as CMOD_IFR2) and with the algorithms described by Quilfen and Bentamy [1994] . Following Long [1992] Indeed, the calibration process is a global one-step process and would have required many high-wind measurements to converge, while much less measurements are required to estimate a bias correction. An extended buoy data set was used to estimate this bias correction (March 1992 to October 1993). The bias correction is described in the appendix and its adequacy is discussed in section 4. The accuracy of NRCS measurements is generally defined in terms of radiometric resolution Kp (defined in section 2). Kp provides an estimation of the noise contribution from the receiver and due to the speckle (the random nature of the target). This calculation relies on the basic assu.mption of stationarity of the target, which is not always true, as is outlined below.
In comparing the noise for the HR and LR measurements, we are also interested in the non stationarity of the target. For this purpose, a measure of the NRCS standard deviation (STD) defined in section 2 is performed for each NRCS measurement, in addition to the Kp estimation, which is a more theoretical and statistical estimation of the noise. Non stationary effects are mainly due to the mesoscale geophysical variability (a few kms to a few hundred kms in scale), which is of great interest for the dynamics of the atmosphere. In particular, it will be shown that the mesoscale wind patterns are better captured with the HR measurements. I  I  I  I  I  I  I   25  30  35  40  45  50  55  60   I  I  I  I  I  I  I main lower than the ESA initial specifications (of the order of 8%). As the Kp depends upon the signal to noise ratio, it depends on the incidence angle but also on the wind conditions. It is higher for low wind speeds and for cross-wind measurements. It is rather difficult to compare the LR and HR measurements in terms of the accuracy of the estimated NRCS because the computed Kp includes only a part of the total noise, i.e., the receiver thermal noise and the speckle. The STDs also include the geophysical effects, mainly due to the presence of wind gradients or to attenuation variations due to rain, and the variability due to the NRCS cross-track gradients. The gradient being higher at low incidence angles, the mean STDs are also higher. Thus both effects, the geophysical variability that is reduced for the HR and the NRCS cross-track gradients, can explain why the mean STDs are higher for the LR although the Kp are lower.
In order to better characterize the NRCS noise, the distribution of STDs over the 29 orbits was computed and is displayed in Figures 3a and 3b for incidence angles of 27 ø and 57 ø , respectively. As was noted above, it appears that the mean STDs are higher for the LR, mainly on account of the cross-track NRCS gradient. The most interesting feature is that the dispersion is much lower for the HR, meaning that the non stationary part of the target, i.e., the geophysical effects (wind and sea state variability within the cell or rain effects), is greatly reduced. The NRCS estimation is thus improved in many cases. To better illustrate such a conclusion, the measured and predicted by CMOD_IFR2 NRCS have been compared Table 1 ). The following reasons can be given:
Example of a Geophysical Phenomenon
1. The scatterometer measurements are spatial averages over a footprint of about 25 km where strong gradients occur, while the maximum wind occurs a few tens of kms from the TC center, according to the Holland or Rankine profiles [Franklin et al., 1993] . The two estimates of the wind speed maximum are not strictly comparable because JTWC provides 1 mn local averages and due to their space/ time separation. Nevertheless, they depict the same evolution of the TC intensity with a peak on November 5.
2. As outlined in section 4.1, the C band model overestimates the NRCS corresponding to high winds. The wind speed is therefore underestimated, and the sensitivity to increasing wind speed is too low for the very high wind speeds. This is illustrated in Table 1 (Figures 8b and 9b) for which significant differences appear between the HR and LR patterns. It appears that the 25 km resolution is critical to retrieve the main TC wind pattern characteristics.
In summary, the scatterometer NRCS signal still exhibits a very well defined modulation in the regions of maximum winds and in the center of an intense typhoon, allowing retrievial of the wind vector patterns. Additionally, it is shown that the HR measurements allow a smaller scale microwave signature in TCs and thus improvement of the description of the TC structure. Nevertheless, the scatterometer transfer function is not really calibrated for such extreme conditions. Moreover, the influence of heavy rain or ice particles on the ERS-1 C band scatterometer signal is not known and may be responsible in part for the underestimation of the maximum winds.
In the following section we analyze the microwave sionature of the T/P altimeter in order to provide another perspective on the problems mentioned above. If the C band signal is also likely to be affected by atmospheric particles or by the effect of rain droplets on the sea surface roughness, a strong or systematic influence is not discernible as it is in the Ku band signal. With the exception of the anomaly described above, we observe that the TMR brightness temperatures increase with decreasing NRCS, •oo Tb85HH •'•' I
Microwave signature of the TOPEX-POSEI-DON altimeter. The dual-frequency T/P altimeter obtains
•'" 5o _ .
• We then note that the C band signal is not so much contaminated by atmospheric particles, unlike the Ku band signal, and that it is possible to retrieve the wind structures with a relatively good accuracy even in these extreme events. This is also illustrated by the examples of the re-!xieved wind fields shown in Plate 2. They are quite consistent, and no obvious sign of contamination is visible. 4.2.2.2. A high-wind branch for the C band model: As outlined in the previous sections, the C band model sensitivity is too low to display the high wind variability. This behavior was also observed on the altimeter winds. In most of the cyclone cases, the wind exceeds the upper limit of wind speed (20 m/s) imposed by altimeter inversion algorithms whose calibration is based upon buoy measurements. On the basis of parametric model predictions [Holland, 1980] Direct application of altimeter findings to scatterometers for high-wind estimations is not a straightforward manipulation mainly because of the differences in range of incidence angles at which these instruments operate. However, when one looks more closely to the scattering mechanism involved in both configurations, possible transition may be envisaged. Indeed, differences between C and Ku band altimeter measurements may be associated with different cutoff wavelengths that separate long and short scales on the surface: the real surface appears smoother to larger microwave wavelength [Chapron et al., 1995] . For C and Ku band radars, well-accepted cut off values are about 3 times the incident electromagnetic wavelength [Brown, 1990] range of centimetric waves (from 6 to about 16 cm). Such a range is also preponderant for C band off nadir scatterometer measurements. We can then envisage to construct a high-wind branch for the C band scatterometers based on the high-wind branch of the altimeter algorithm. The possible methodology would be to collocate ERS scatterometer measurements with dual-fi-equency altimeter ones close to hurricane winds (after elimination of anomalous Ku band measuretnents).
Examples of Surface Wind Patterns in Tropical Cyclones
The However, a simulated test shows that the convergence patterns delineated by the scatterometer are partly artifacts of the antenna geometry, thus limiting their interpretation.
To conclude, the scatterometer data source of surface winds is very promising but much work is still to be done in order to interpret scatterometer signals at C band and Ku band. Such studies will help to better understand the characteristic wind patterns of tropical cyclones as measured by scatterometry. The forthcoming operational scatterometers on-board the ADEOS (Ku band) and METOP (C band) satellites will provide at least twice as many cornplementary measurements with a better resolution than the ERS operational one and should contribute strongly in the near future to better understanding and forecasting of tropical cyclones. 
